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Fiber-Conpled Tunable Single-Mode Long- Wavelength Vertical-Cavity Laser 



Field of the Invention 

The present invention relates to lasers, and more particularly, to a laser that is adapted 
for high-speed single mode optical fiber communications. 

Background of the Invention 

The main application for long-wavelength vertical cavity surface emitting lasers 
(VCSELs) is in high-speed single mode optical fiber-based communications. The key 
performance issues required for 1310 nm and 1550 nm single mode sources for optical 
O communications are: single mode operation over a sufficient output power range (typically 1 
PI mW) and wavelength and polarization stabiUty over temperature and bias variations. In 
ptp addition, the ability to tune the output wavelength is a highly desired feature for optical 
sources to be used in discrete wavelength multiplexed communications systems. 

n 

m 

H^l Tunable VCSEL sources in the 1 3 1 0 nm and 1 550 nm wavelength range are well 

p: known in the art. However, all of these devices are less than ideal. For example, one class of 
Sb VCSEL is electrically pimiped with the tuning realized vising a movable membrane. However 
these devices have only been successfully demonstrated at 980 nm and 850 nm. At longer 
wavelengths, numerous technological difficulties have prevented commercial devices from 
being fabricated. 

25 VCSELs that are optically pumped by 980 nm edge-emitting lasers are also known to 

the art. These devices are also tuned using a movable membrane. However, the cost 
associated with the multiple fiber to waveguide coupUngs and the cost associated with the 
980 nm pump laser add to the cost of the device. As yet, the cost of these devices has 
prevented their commercial development for optical networks. 

30 

Fiber-Fabry-Perot Surface-Emitting lasers that are optically pumped with a pigtailed 
980 nm laser have also been demonstrated. These devices are tuned via a piezoelectrically 
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controlled cavity mirror. However, these devices are also economically unattractive because 
of the cost of the fiber to laser coupling and the extra cost of the fiber-coupled 980 nm laser 
pump. 



5 Broadly, it is the object of the present invention to provide an improved long- 

wavelength light source. 

These and other objects of the present invention will become apparent to those skilled 
in the art from the following detailed description of the invention and the accompanying 
10 drawings. 

1^ Summary of the Invention 

o 

01 The present invention is a light source for generating and couplmg light fi-om a first 

M 

wavelength into an optical fiber. The light source includes an output laser having a first 

%. i 

5 "J' optical cavity that includes a bottom mirror located outside of the optical fiber, and a top 

s mirror that includes a reflector located within the optical fiber. An active region between the 

e 

ry top aiid bottom mirrors generates light of the first wavelength, preferably through optical 

pumping of an active region in the first optical cavity at a second wavelength. The reflector 
ft) is preferably a Bragg reflector and may include a mechanism for altering the wavelength of 

ry 

the light reflected thereby as well as the distance between the top and bottom mirrors. A 
pumping laser that includes a second optical cavity having a top mirror, active region, and 
bottom mirror preferably generates the pimiping light. The top mirror of the pumping laser is 
electrically connected to the bottom mirror of the first optical cavity, and the active region of 
25 the pumping laser generates light in response to an electrical current passing therethrough. 
The top mirror of the pumping laser may be located on an end of the optical fiber. 
Embodiments of the present invention in which the output laser is electrically pumped can 
also be constructed. 

30 Brief Description of the Drawings 



Figure 1 illustrates a prior art VCSEL coupled to an optical fiber. 



10991680-1 



3 



Figures 2A and B are cross-sectional views of embodiments of optical sources 
according to the present invention. 

5 Figure 3 is a cross-sectional view of an optical source 300 according to the present 

invention in which the wavelength of the pump laser can also be tuned. 

Figure 4 is a cross-sectional view of an optical source 400 according to the present 
invention in which the output laser is electrically pumped. 
10 Detailed Description of the Invention 

^ The manner in which the present invention provides its advantages can be more easily 

O understood with reference to the prior art VCSEL shown in Figure 1 at 100. In laser 100, one 
^- of the mirrors that form the laser cavity is constructed on the end of the output fiber. 
^15 Typically, single mode fiber 1 06 has a cleaved edge which is coated with a high-reflectivity 
dielectric mirror 1 04 having a center wavelength tuned to the desired center wavelength of 
s the tunable source (1 3 1 0 nm / 1 550 mn). Although the dielectric mirror is a narrow-band 
» mirror, the high-reflectivity region is still much larger than the desired tuning range of the 
p: source. A short-wavelength laser source having an output wavelength of 980 nm is coupled 
6D into the single mode fiber. Mirror 1 04 is transparent to the short-wavelength light. To 
simplify the drawing, the pumping laser is not shown. The output light 107 fi-om the 
pumping laser is used to optically pxmip the long-wavelength active layer 102. Laser 100 also 
includes a bottom mirror which completes the long wavelength laser cavity consisting of the 
bottom mirror 101, the top mirror 104, the cladding layer 103, and the air gap 108. The 
25 wavelength of the long-wavelength laser output 105 is tuned by changing the optical length of 
the long-wavelength cavity. The output wavelengtii is tuned by chmging the fiber to 
cladding separation 108. 

The arrangement shown in Figure 1 has two problems. First, the cost of providing 
30 mirror 104 on the end of fiber 106 is significant. Second, only a portion of the light generated 
in the long- wavelength cavity is coupled into the fiber mode in practice. If fiber 106 is a 
single mode fiber, the required alignment tolerances are very high. Any small misalignment 
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reduces the amount of light that is coupled into the fiber. Hence, the efficiency of the laser 
coupling system and the maximum power output are less than ideal. Additionally, the 
efficiency of the laser is decreased because reflectivity exits over regions of the fiber facet 
that are not usefiil in generating light in the exiting mode of the output laser. 

5 

The present invention avoids these problems by utilizing a top mirror that is formed in 
the optical fiber itself Refer now^ to Figures 2A-B, which are cross-sectional views of 
embodiments of optical sources according to the present invention. Figure 2A is a cross- 
sectional view of a fixed-wavelength optical source 200. This embodiment of the present 
10 invention includes a short-wavelength laser that pumps a long-wavelength laser. The long- 
wavelength laser utilizes a top mirror 208 that is formed in the optical fiber. Top mirror 208 
^ is preferably a Bragg reflector. Since fiber Bragg reflectors are well known to the art, they 
C will not be discussed in detail here. For the purpose of the present discussion, it is sufficient 
^- to note that a fiber Bragg reflector may be viewed as a grating that has been induced in the 
^5 core of an optical fiber. The grating consists of periodic alterations in the index of refraction 
, of the core of the fiber. Such alterations may be induced by illxmimating the core with a UV 
s light pattern having regularly spaced maxims of sufficient intensity to damage the core. The 
ri^ pattern is typically generated by the interference of two UV light beams. 

5 

^0 When light having a wavelength twice the spacing of the grating strikes the grating, 

the light is reflected because of the coherent interference of the various partial reflections 
created by the alterations in the index of refraction of the fiber core. The wavelength at which 
the reflection occurs may be varied over a small range of wavelengths by varying the optical 
path length between the periodic alterations in the index of refi-action. This may be 

25 accomplished by heating the fiber or by stretching the fiber. A fiber Bragg reflector which 
accepts an input control signal which activates a heating or stretching system associated with 
the reflector will be referred to as a variable fi-equency Bragg reflector in the following 
discussion. 

30 The short-wavelength resonator 220 includes an active layer 20 1 , a bottom mirror 

210, and a top mirror 202. The short- wavelength resonator outputs short-wavelength light 
towards the long-wavelength cavity where the short-wavelength light is absorbed by active 
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layer 204 and creates gain. The long-wavelength resonator 230 also includes a bottom mirror 
203, active layer 204, and output coupler 205. The output of the long-wavelength cavity is 
coupled into the single mode fiber 207. The electrical pumping of the short-wavelength laser 
is accomplished by using tip contacts 206. 

5 

It should be noted that the location in active layer 204 at which the stimulated gain is 
created is defined by the location of the fiber, and hence, the lasing mode of the long- 
wavelength laser is self-aligned with the fiber. It should also be noted that the alignment of 
the fiber to the electrically pumped area of the short-wavelength laser does not need to be 

10 very accurate. The electrically pumped area needs to cover the region of active layer 204 that 
is illuminated by Bragg reflector 208. An optimum can be found between the more tolerant 
coupling which corresponds to lower electrical efficiency (wider pump area), and less tolerant 

O fiber coupling which corresponds to higher electrical efficiency (smaller pumping area). 

is To remove spurious reflections on the fiber end, the end is preferably coated with an 

V: anti-reflection coating 211. Alternatively, an index-matching gel can be introduced between 

E the end of fiber 207 and the top of cladding layer 205 as shown in Figure 2B at 221 . The 

O 

^ remaining elements in optical source 250 shown in Figure 2B are the same as the 
corresponding elements shown in Figure 2A. 

m 

As noted above, the Bragg reflector may include a mechanism for heating or 
stretching the fiber as shown at 217 in Figiire 2A. In general, the spacing between the Bragg 
mirror and the bottom mirror must be altered when the spacing between the periodic 
alterations of the Bragg reflector is altered to tune the long-wavelength laser so that the 

25 optical cavity has a resonance at the new reflection wavelength. This can be accomplished by 
moving the fiber end. The mechanism for altering the mirror spacing may also be included in 
mechanism 217. For example, the region of the fiber between the Bragg reflector and the end 
of the fiber may also be stretched. Alternatively, the air gap between the end of the fiber and 
layer 205 can be altered by moving the fiber. Such tuning does not alter the wavelength of 

30 the pump laser in the embodiments shown in Figures 2A and 2B. 



10991680-1 



Embodiments in which the wavelength of the pump laser is altered can also be 
practiced. Refer now to Figure 3, which is a cross-sectional view of an optical source 300 
according to the present invention, in which the wavelength of the pump laser can also be 
tuned. To simplify the following discussion, those elements of optical source 300 that serve 
the same function as elements shown in Figure 2A have been given the same numeric 
designations and will not be discussed further here. Optical source 300 includes a pump laser 
tiiat is electrically pumped. The pump laser includes a bottom mirror 3 10, an active region 
301, and a cladding layer 302. In optical source 300, the top mirror of the pumping laser has 
been moved to the end of fiber 207 as shown at 3 11 . As hi the previously described 
embodiments, the short-wavelength laser lases at the location where the fiber is located, and 
hence, the gain region is exactly aligned with the fiber. The long-wavelength lases at the same 
spot. Both wavelengths can be tuned by altering the air gap 3 12 provided the reflection 
wavelength of the Bragg reflector is also altered. 

The difference in wavelengths between the long wavelength laser and the pumping 
source must be sufficient to allow the light generated by each source to pass through the 
mirrors associated with the other source. For example, the light from the pumpuig laser must 
pass through the bottom mirror of the long wavelength laser to reach the active region of that 
laser. Sunilarly, the long wavelength laser must pass through mirror 3 11 in the embodiment 
shown ui Figure 3. This is not a problem for conventional VCSEL mirrors provided the long 
and short wavelengths are sufficiently different from one another. 

The above-described embodiments of the present invention utilize two stacked lasers. 
However, embodunents of the present mvention in which the pumping laser is in a location 
remote from the long-wavelength laser and coupled to the long wavelength laser via the 
optical fiber can also be practiced. Such embodiments would be similar to the optical source 
shown in Figure 1 with ftie top mirror of the laser being replaced by a Bragg reflector in the 
optical fiber. Such an embodiment would provide the benefits of the self-aligned coupling of 
the long-wavelength laser to the single mode of the optical fiber. 

The present invention may also be utilized in a single laser configuration in which the 
output laser is electrically pumped. Refer now to Figure 4, which is a cross-sectional view of 
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an optical source 400 according to the present invention in whicli the output laser is 
electrically pumped. Optical source 400 includes a Bragg reflector 405 in output fiber 407. 
Bragg reflector 405 and bottom mirror 401 form the optical cavity for the output laser. The 
output laser is electrically pumped by applying a potential between the contacts shown at 406. 
This potential causes a current to flow through the optically active region 402 in the area 
below the core of fiber 407. Region 403 may include regions of high resistivity to further 
funnel the current to the desired region if electrodes 406 do not provide sufficient current 
confinement. An anti-reflecting coating 404 may be utilized on the fiber facet to assure that 
the facet does not define a second cavity by reflecting a portion of the light. 

It should be noted that the wavelengths at which the Bragg reflector has significant 
reflectivity will define the output wavelength of the optical source. In general, the distance 
between the Bragg reflector and the bottom mirror will be very large compared to the 
wavelength of light generated by the source. Hence, there will always be a laser mode within 
the reflectivity range of the Bragg reflector. Accordingly, precise positioning of the Bragg 
reflector relative to the bottom mirror is not required. 

It should be noted that the present invention can be modified to provide a light source 
havmg a fixed polarization. To provide such a source, the optical fibers must be polarization- 
maintaining fibers. In addition, a polarization filter 410 to select the desired polarization 
must be introduced into the optical cavity. The polarization filter may be included in the 
anti-reflective coating on the fiber facet. 

The above-described embodiments of the present invention refer to "top" and 
"bottom" mirrors. However, it is to be imderstood that these are merely labels for 
distinguishing between the mhrors and do not imply any particul£u- orientation in space. 

The above-described embodunents of the present invention utilize a Bragg reflector 
that has been generated in an optical fiber. However, the present invention may also be 
practiced with non-fiber waveguides. For example, the present invention may be constructed 
using a planar waveguide having a Bragg reflector therein. 
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Various modifications to the present invention will become apparent to those skilled 
in the art from the foregoing description and accompanying drawings. Accordingly, the 
present invention is to be limited solely by the scope of the foUowmg claims. 



o 
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